Van der Waals interaction for physisorbed CO and CO 2
The thermodynamically least stable species are CO and near-linear CO 2 molecules which, according to PBE, bind to surface Ca and Al atoms ( Figure 3b ) with adsorption energies of ~0.5 and ~0.3 eV, respectively. Since we observe only negligible surface-molecule charge redistribution, these species are considered to be physisorbed but not necessarily loosely bound. The correction for the dispersive interaction in our 12 Å thick slab model is up to 0.2 eV. However, taking into account the high concentration and high-polarizability of the anionic electrons in the real metallic C12A7:esurface, this correction can be as high as several tenths of an eV 43 , which would make it stable at RT, as observed experimentally.
Supplementary Note 2 CO 2 and CO adsorption energies.
It is well known that GGA functionls, such as PBE, underestimate localization of electronic defect states. This error can be significant in the case of the chemisorbed CO and the tridentate CO 2 configurations, in which the anionic electrons are transferred to the Carbon atom and contribute to the binding interaction between the adsorbed molecules and the surface cations. Earlier studies of localized electrons (see, for example, Ref. 44, 45) show that a hybrid density functional B3LYP provides a better description of their spatial distribution.
Supplementary Figure S4 shows the comparison of the adsorption energies of CO and CO 2 species on C12A7:ecalculated using the PBE and B3LYP density functionals. The two functionals provide similar values of the adsorption energies for the physisorbed configurations. The adsorption energies calculated for the bent CO 2 δconfigurations are similar for the least stable configuration of this type but differ by a factor of ~1.5 for the most stable configuration. In the case of the tridentate configuration, the ratio of the adsorption energies calculated using the B3LYP and PBE functionals reached ~1.8.
However, the most dramatic difference is found for the chemisorbed CO molecules.
Therefore, the main text of the manuscript reports the B3LYP adsorption energies alongside those calculated using the PBE functional. Importantly, these results suggest that, according to B3LYP, chemisorbed CO can have adsorption energies of over 2.2 eV, which corresponds to the desorption temperature of ~800 K.
